(19) B^B&ffrr (JP) (12) jft $g (A) ODMftfW&Mf? 

#^2003-31552 
(P2003 - 31552A) 

(43)&BB0 ¥^15¥ 1^31 0(2003. 1.31) 



(51) IntCl. 7 
H0 1L 21/306 
21/338 
29/778 
29/812 
33/00 



F I 

HO 1L 33/00 
HOIS 5/323 
H01L 21/302 
29/80 



5 F 0 0 4 

5 F 0 4 1 

' 5F0 7 3 

[ 5F 1 0 2 



*»$ itm* wumomo ol (^ s h) mmm\zm< 



(21)fflS## 


&K2001 -219123( P2001 -219123) 


(71) WHA 


000005049 










(22)m^B 


¥J£13*£7 £190 (2001. 7. 19) 










(72)38^ 


mm 








AK^AKmi5rf&^K^mHT22#22^ ~> 














(74)ftSA 


100102277 








m W2£) 











(54) [sgw©£*w ^b^^^5aawj**«t^^^^Mrxic^fc^¥^#:^T 



[HUB] ltt^otS ; e7tD^ 




[mxmi] mm*mw*ft\w&z>TMt, mum 

mmm 2 1 mmm^mfctoMfmmts 4oo°c 
W120 o'c&Tx-fozztzwmt-rzmxmifc 

mx* -efesri t 1 * tat 2 10 

ti-5t»*3S 1 a»e> 3 (Dfsi^^^feitcD^ti^M 

[t»*«5] fl»SEaMk*N i W^GaNajffitL<H: 

ai g aNmmx*hz>^tzwmt-tz>tmmifrb4 
itmm e ] mmmm^mjjmmmmc {000 

1} ffitKliil^ {1-10 1} IffcS^i:^ 20 

mm b-rzmmm 5 icwm^mitm^m^m^m, 
im*m 7 ] mmmim^mftn s i 1 

X10"/cm J gi8X10"/cm 1 «T, fc^VMl 
mjf5^^^#^©^^F^}ig^s lxioVcm 

! w±8x 1 o 20 / cm 3 uTxh^^t^mmt-r^m 
mm ifrb6 (DMK^(Dmz.tm(Dmm^mw^m^ 

immm s i mzmm^mitoM g 1 

XloVcm'aiSXloVcm 3 ^ *>5lM* 

B&M{fctt¥*#©c*HittM# lxio'Vcm' 30 

^±8 x 1 o 20 /cmSlTVhZZb&Qf&b-tZtt 

^w^otttt^ p ^t-r 5 r. i &i®mb-rz>m mm s \z 
immm 1 0 ] mmmm 1 9 ©flr*La»©>fifcE 

40 

[0 0 0 1] 

«9 r. £ ffl v ^fc S<b*^a|t 

[ 0 0 0 2] 

V&*<OWm 5ftE> Hi»ttti0»loofc5GaNSS 

^ttjistttva. */t, -eg a Nss©a^iffi 



#112 0 0 3-3 1 5 5 2 
2 

* * * /w*£ l ©x * •> * /i^cSHM i- 
mim^mw- ic» t & * ^ ? f ^ ? ^ > ^«*s * 

V^ttCieHbTV^5t®^5 0 W9-3 3 0 9 
[0 0 0 3] 

[0 0 0 4] ¥rffl¥9-3 3 0 9 1 6©^Mffl 

t mm^mfcfDmm* ?*a t, cox 

[0005] (Sfctt^SfrS 

&±cD gift 
[0 0 0 6 ] 

-rsrirtc^o-c, *wmmMxhz>mkm*nw-<» 
mm*7±vi?-*tzi**<Dwmm£&Wirz>z.bi)^ 

[ooo7] mrMf Jnf»ffl£# 

4 0 0°CW±1 2 0 0°CWT(^|5llrt[Cfc5i<b(Cj;o 
t#<5„ WM^^y^v^V^ (R I E) & 

<, ira^f£^ffl^T«I^ff 5 fcft, MIL 

1 0 0 0 8 ] #3PJ«\ ffiK£*3R#* 

[0 00 9] *%Wte, tm9m%#xtfi'>ft <bh* 

m*$tfz.bt)mmxtb?> e :©:^aot, mtm 

[0 0 10] *3SMtt, Buf5#fflm^^^/>^< thm 

mz^tsz.btmmxhz> 0 :©rtiaot, 

[0011] miE#BB«^^^>4< <b <b* 

ft «^flc*a5 w ^ y ^ y zmm-t z> r t a* nine 

[0 0 12] »0^©i|fjfB^«^^(i^^^^ 



3 

*Ogft*iN|^SSflG a NlStKliA 1 G a N 
-C, GaNiitL<llAlGaNl«?:fflV^ri:l; 

[0013] *&w\* s m&mm^mftowjjmm 

mmc {0001} ffifclXttHSTWfc: {l-l 0 1} 
^TOtc {1-101} ffiZ^-t 

[0014] m?m\km^mfc<ns i T-mm 

1 X 1 0 17 / c m 3 £X± 8 X 1 0 18 / c m 3 ftT, 

h%\<^mim\tm*mw(DmmT^mmm* 1x10 

Vcm J aJ:8Xl o'" /cm'^Tf feSlHWl 

[0 0 15] «B^fl. iEIttM#©Mg^» 20 
?HS75S lXlo'Vcm' £A± 8 X 1 0 20 / c m 3 j£AT. 

hzwmmmm*mfr<Dc*m®mmfti x 1 o 17 

/cm ! Ki8xiO ! ' /cm J gK*fe5:t«fJL 

[0016] «i«itt^*f ffifti^it: i 

{ Z <£ o T « <D p M ft T - - ffi £ m V ^ r 2: ft < * 

t^^T'fc^o 30 
[0 0 17] #3§^W\ ±|BO£^S^S^^ffl^ 

[0018] 

[%w<nmm<DBm] <nm<Dwmi> 

[0019] HfifEJ£St^#*tt, 



#12003-31552 
4 

©MlSiiu-crft *b cd#* 5 r k tm ^Xh 

5 0 ±m<DG a id i5iSS^Si©S!n*#?H-*-5fcft© 
7 ^* = 7 1 : 5 0 0- 

1 : 1©WWSL^, ^^^^(-^f-r^T^^- 
7©Stlt^ 1 : 5 0 0 <£ 9 < #3 <!:£1gM<D 

5T^~7^ii£#:i : I h'l-£<te%b, G 

jfxtT^^~Tjf7.<Dtfimtt:\t, 1 : 30 0-1 : 1 
0(7>t5ffl^J:<9&;i;U\ 

[0020] *wM<Dmmm%fcmLx, mitm^m 
fc£m*<Dmmjiirz>ntf}x^-y?->y-fzm&. ^ 

fi, Sil^l^tsry^-rwijitlltiii : i~ 
i : o. o i <Dmm xm^\ ^(D^±m<Dmm^m^m 

1:0. 0 1 £<9h'\^<teZ>tm&<DTMm^<te 

Ki. ±.U(omm®m$;'<i^xi>%M*7 *v "y-^m 

«L<ft5 c 
[0 0 2 1 ] im%ktfXbT>^~Tjf7,(D&£rf7, 

mm (mmmm<Dmmh<afr) j^m^ mt^^m^ 

Tt!Mz^m9\-tf*zm7LX, mtm^mfcvymmm 

[0022] &mfs.tfx t LXTkmzm^^tcm&s 7km 
*m^^^M&kitmLxmkVi¥mfcmffi<D^>y?-y 
ym&tfz h^±Ltc 0 x.y^yy&m^mwM* 
k ^x(D7km(»m&j)m*.-rz>\^*ixm< t^tz 0 * 
Tkmjfx^zzx-yj-yym&fDi&mi-i, mwLom 
mumkt>mmfth<o. mmmm.m tf^^zk'm^ 

tz 0 ZbK, m.m%J3*\^mi3**M/\-tZ>z\k\c£. 

^xmm*mfrmmm-^¥-mk£ft j $>-r< 
im^mfrtDmmm^-m ?-x^ y y ? $ nx 

\,^Z>(DXtete\,^k&frtiZ> 0 

[0023] wmnxxk \,xmmifx$:m^tzWi'£. 
mmifx & Mx.ti v ^j-a- k \m Lxnti^iMs© 

-eiii, -t tit>m tztm kf£^ xmm^r y^u^-^ 

a*H2*^l:3i s lSx.5lcoix-C**< ftofc. 
[0 0 2 4] *3BK*e>oll*^J:5t, 



5 

[0 0 2 5] Lt^tt^^^fcl 

MgM^f5±T% £Ri&££4 0 0°C~ 12 0 
0°C(D|5fflrtT*JP^i-6r i:tcj:o-C, itSIffi©x-> 
^ > ^fi^Sftsts J: < f£ji $ ft, SjSSffioWWS * 
$jXfc. G a Ng«©ii-ai3:4 0 0°C~ 1 1 0 0 o C<7)fS 
lrtt«5:^^t< > AlGaNSM^ 
fi9 0 0°C~ 1 2 0 0°C<£>fEHFW?li= LV\, £fc, £ 

MS^M-rsr aaot, SfMfeiNlttfciBfri- 20 

fcfc^ftite, HAl,Ga,In,N (OS 

xll, Olyll, Olzll, x + y+z = l) £ 

fc) ri\ As, P*3j;t>*S b W5c^»© 5 *>MiX^07n 
|TM^Tt^\ 30 

[0026] *fc, flasa^^frw:, zomutft 

aNS^^/'iiAl GaNSWJL<ffl^f,Jx6„ 
G a NS«tt»B^(7)^^io^T^2/^>^^^1- 
<, ^©ii#¥ifc^Wl\ AlGaNS 

«ya**n, ift^^*os^oH, #t£ {oo 
01} gtu<tt {i-ioi} ffiasj?4L<iv>?)ix 40 

[0 0 2 7] {1-101} faZ^'Tzmk® 

¥m&<D$tmte, z<Dm<Dmjj$LkitmLx*3£w\z± 

[0 0 2 8] £fcfc¥i*ft<0«Si;&SS*^&«Lfc { 0 

001} ffi^ {1-101} m&m^tL&&* t<D^m 



^2 0 0 3-3 1 5 5 2 
6 

{0001} {1-101} assrffli^^, 

■C) S i 5F«**taas 1 x 1 0 " / c m 3 Sk± 8 x 1 0 

18 / cm 3 uT<Dmmftx$%titcmkm¥Mfczm^ 

ft, ¥a^^®^7^P^-^#5^<t^pjig-efe5o 
[0029] mmwmm&& 1 x 1 0 17 / c m 3 «± 

8 X 1 0 20 /cm 3 WT©®iart-C-^*nfcMtl^ 

[0 0 3 0] M g WmWi%.ft lXlo'Vcm'^J: 
8 X 1 0 20 /cm ! WT««l^t^*W:i{bWi 

(Eit£ft, WSi*7*a v?-&#3 z. t tinsm-e 

[0 0 3 1 ] C^^Jig^ 1 X 1 0 " / c m 3 a_h 8 
X 1 0 20 /cm 3 ^TW«illrtT'^*tLfc^#)^«C 

it^ft, ¥m.t£^m^7*vis-%'&z>z.tt^mxh 

[0 0 3 2] mi li#»W©#ft&38«1-$fc»©S61l 

10, *(rlB£tES:X«Fi3«tO«APlR-t5fc*ro-y"fe7 p ^2 
0, 0^3 0, ^f©JF4 0, 

i&toMttf^-i' v 6 0, ry^=7^7^y6i, 

[0033] mm) ©witttiT©± 

9^LTl|j&£ft5 0 £1\ Itt¥#«10^f 
±■75 2 0<D±\Z.^"}^h£tl, ')P4 0\Z±y h £ft 

6 1 /^Pj 5 L/m i n«7^ = 7^t 
7^fy62*^5 L/m i n £-?:ft-efttfei& 
L, 0©lI^AntSMS^9 5 0 

0. 1 L/m i n©»I^S:, 7^ = 7^7 



7 

4>6 1 3&»t>4 L/m i nCT^T^^ #11^ 
UXyj y& 2frb 3 L/m i n (D-foMU 7 b 3 L/m 
i n©M#*£**l«xPil&U #J3 0^f B l«S 

[0 0 3 4] ^^7^=7^5L/m 
i n, ^if;tf* 5 L/m i n l£$J 9 t^TM t - 
©*S«M5D5. ££&&#3 0 OTCSfftJfcofcbr^ 
^-7^0«^±U ii^«gMlOL/ 10 
m i nfc^fcTSKfifitfMlcfcSS^-VSrfT 
5 o r ©i 5 LTM{tfe^#ft: 1 0 OlffiM^^T 

[0 0 3 5] lEffl^lt^iCiot, ^k^g 
[0 0 3 6] ±M<D («B^»tft»^W*Sl: 

[0 0 3 7] mtfo%tfXtTy*:~TtfX<Dffi-&}£\t 

±&<d mmmi?*bT>^=-Ti?xic£ xm 
"t©*H£*£Efc:.fc 

M^S^JfeLfc^b^^#:S«^fflV\ *<D±izm 30 

mmxhZo 

[0038] m 2 <Dmty>>¥mft ^— if sn^nt, smsw 
i- «fc t> mrnmm 1 ufc <t 5 ^s^s^j&bfc 

(0 0 0 1) SnSGaNlfil00^ffll\ r<7)±(^ 
nlln,,, G a 0.93 N 9 y y ? 6&Jtg 1 0 1 , n MA 
I o.i Gao. 9 N^7yK110 2, nSGaNWK 
1103, HI10 4, plAU, Gao.7 + 
!l77*ny^il0 5, pSGaNWKH0 6, 40 
plAU, Gao. 9 N^7-yKil0 7, plGaN^ 
y? 9 hIS I 0 8, n®}1109, pMllO&cktf 
S i O.iiMl l l SrJ&SL-CflfjSSftS. 

[ 0 0 3 9] ^jtl 104lt In ».». G a o. 99 NPf if 
1 (8nm) / Inns Ga« N^Fl (4nm) ^ 

(CA s h L< fiP^^tLTV^Tta^o rixb©7C^ 



#12003-31552 
8 

[0040] ±m(omitm^mw-^—fm^x 
icj;o-c, %#i©m vzkTLti* mtrntxprnk 

n» ££±©#f^t>fi±££c!*-f3o 

[0 0 4 1 ] ^©i^LTM^fc^ftW^ftl- 
ft©HJ^& afe, u— !f|:±5^ni?i 

<mm<Dmms >*%mmmzx\iL, &mw\m&z 

BUS ft 5. *©ffi©#3SW H1£©M 
1 4:P«T?ifeS. 

[0 0 4 2] El 3 ©£{bfc¥*fls»#*y KSHF- 

r±, «t <5 mm<DBm 1 -tra Lfc ± 5 ic^s^l 

S^JSLfc (0 0 0 1) InlGaNll2 0 0^ffl 
V\ ;©Sffi±|:nISH»lig»f20L nlA 1 

0. 3 Gao.7 N^rt!J77D-7^l2 0 2, I*f20 
3, p MAI 0.3 Gao.7 N^rt!)77'0y^i2O4, 
piI3W?2 0 5 1 pl3^n|2 0 6 1 p 
MitftttM 2 0 7, PIS2 0 8, n fE$B 2 0 9 £rff2 

mLxmf&ztiZo 

[0043] *mmmmx\i n M*a^«jH&^ 2 0 1 

irLT, 10 0il©Al».i i G a „. e5 N (J?# 1 . 5 
nm, Si K— 9 ) /Ah: Gao.s N (flt* 1 . 
5 nm. Si K-/fc<9) £fflWc 0 M2 0 3 L 
Tfi, 3»A1.« Gao.9, N#FJf (ff* 2 n 
m, Si h~-yh<9) /Al..« G a 0.88 N (ff*4n 
m, Si K-^&fJ) £fflWc 0 P WIM^2 0 
5<tLT, 1 0 0 JrI$H©A I o.i5 G a 0.85 N (J?^ 1 . 
5nm, MgK-yfe 1 )) /A 1 0.2 Ga., N (J£^ 

1. 5nm, MgK-y&D) SrfflVVfc,, *fc, pin 
y^^M2 0 6 HtpIIn,, s Ga« N (10 
0 nm) &/BWc„ 

[0044] *H«s©jgffi-eiaw ^nsSE^tt^MIMMS 

©J?**|*<^LT^5 (^4nmKT) 0 
FJl©ff*^»<45t, *©JP$©*J&-h©»5>^»c 

lffl©*B5» ^ IT «t 6 »*1*tt©JB^«:K C r <b *s pffg 
T-feSo Sfc, nlgWftf2 0 1^pIIW 
^2 0 5©#ffijg^^" 1 b/J^<, .RW-a «3 ©JS#fs££ 

±©#^^ 5 i^±^m*-fSo 
<m&mm4 >*it©fi4tii 



(6) 

9 

[ 0 0 4 5 ] m 4 Oiftft^^-rng^HfM 

h 7 *§^i4, «t >9 mrnmm i t*m 

LfcJ:5li«i^Lfc (1-10 1) liiGa 
Nlfi3 0 0^ffll\ :©!S±l:niAlGaNl3 

01, y-^ 3 0 2, y«-h 3 0 3, fcWK^y3 

[0 0 4 6] M©iltliniAlGaNi3 0 1 10 
t LT, A 1 ok G a o.75 N OP^l^m, Si K— 7 

[0 0 4 7] hy >^^^<D^^^MX^i-ftl 
I4\ 2^5Em^^^^gL$tL-^-t-<i^i/^ibS^#5 

<Ifi©f|5>*iiffl|l5T11 20 

^5*tstt, mm<ommi tmmxfoz. 

[0048] @5 (a) (4, n Ml 400, 3£#JI 4 0 

mm<nv yvy-yj-BLffizm^^xBrnztitix . 

h7^y«©HM4 0 3«¥^i4 0 2 _h 
IdM^tlTV^o I£®ftll4 0 3(4, M*.t£. S i O 

2 , SiN„ Al.O./jrifCfcS. I«^ifti4 0 

2 f4, #i|xJ4\ MgiSK-ey^^fcGaNi, Mg 30 

tlfcA 1 G a Nf^mS. 
[0 0 4 9] 12] 1 W^mt-HUlE^^^S-fe y b $tl 

So lt, Siia^eooti^^ti, «HbJc* 

1 L/m i n, 7^^7^ 10 0c c /m i 
n, MMtf^ 1 0 L/m i n, 7kl{f;tf* 5 0c c /m i 

*it (B5 (b) ) . jFj^bflfflEas^JftOffi 
3*1, R*#K4 0 3asBfe**tLfc (H5 (c) ) . 40 

[0050] r^ctpicLTf^ist^tifcy Yy-( 

/i^ft5iW^|4 0 2li < ^©M^7 
* a L< , xyfy^a^ilftW^ 

^(4, «© P ift7=-«^ffl^/j:<tl), ±ia 



#H 2003-31552 
10 

[0 0 5 1 ] 

[ius©ffi^^mp^] 

[Hi] ^b»*i»<*«ffito®Ht©-0iJ4:*LfcH-e 

[12] iit^iiu- *fm*<D-mzmLtmx'h 
[la 3 ] mcm^mwm%¥^ k^©-^jt-& 

So 

[IH4] IttM^rng^lt#Mh7>^^ 

[05] *wf\zm^xmm*Mfc*&%mm\m 



10- 




2 0- 




60- 




6 1 ■• 


7^-7ifX7-( 


6 2- 




63- 




1 0 0 


, 2 0 0-nlGa 


10 9 


, 2 0 9---nttH 


1 1 0 


, 2 0 8-ptS 


111 


-s i ozmmptm 


2 0 6 




2 0 7 




3 0 0 


- i MG a NSffi 


3 0 1 


-niA IGaNi 


3 0 2 




3 0 3 


...*f-y 


3 0 4 




4 0 0 


-nli 


4 0 2 




4 0 3 





(8) 



#M 2003-31552 



[05] 





(51) Int. CI. 7 WfS-t FI f-^-V 

HOIS 5/323 6 1 0 

F^-A(#%) 5F004 AA06 AA07 AA11 BB26 DAOO 

DA04 DA24 DA25 DA29 DB19 

5F041 AA40 CA03 CA05 CA23 CA34 

CA40 CA77 

5F073 AA45 AA74 CA07 DA35 

5F102 GB01 GC01 GD01 GD05 GL04 

GM04 GM10 GN04 GQ01 GR01 

HC01 HC21 



